a dimer in a GC rich sequence forming a curved complex which matches to the shape of minor groove. This is a example of how a linear compound with chemical functionalities in an optimum position can form intra as well as intermolecular interactions with DNA. Our finding that TTAA sequences are difficult to target, can be selectively recognized by stacked minor groove dimmers opens a new way to interact with that sequence. These investigations indicate that compound design tools can be used to obtain new types of specific binding to DNA. Supported by NIAID grant AI64200.
a dimer in a GC rich sequence forming a curved complex which matches to the shape of minor groove. This is a example of how a linear compound with chemical functionalities in an optimum position can form intra as well as intermolecular interactions with DNA. Our finding that TTAA sequences are difficult to target, can be selectively recognized by stacked minor groove dimmers opens a new way to interact with that sequence. These investigations indicate that compound design tools can be used to obtain new types of specific binding to DNA. Supported by NIAID grant AI64200.
1285-Pos Board B195
Solution Structure of a Novel Heterocyclic Dication Stacked as a Dimer with a Unique Mixed GC/AT Containing Motif Rupesh K. Nanjunda, Yang Liu, Lei Wang, Arvind Kumar, Abdel Farahat, Markus Germann, David Boykin, David Wilson. The search for small-molecules that can target regulatory nucleic acid elements is an ever-growing field driven by the passion that such molecules can potentially alter gene expression and thus influence diverse cellular functions. In recent years, small-molecules preferentially binding to GC sequences have attracted the scientific community to further understand and establish DNA base-pair recognition rules. Biophysical studies from our group have shown that DB293, a phenyl-furan-benzimidazole aromatic dication, and DB1878, an indole analog, target GC containing sequences in a highly cooperative manner. Current high resolution NMR studies of the two compounds with 5 0 -CTATGACTCTCGTCATAG-3 0 hairpin sequence (binding site highlighted) have confirmed a strong cooperative dimerization of the compound at the 5 0 -ATGA-3 0 site. Strong NOE interactions between DB1878 and specific DNA protons along the minor groove indicate an anti-parallel orientation of the two molecules in the minor-groove. Very interestingly, the two DB1878 molecules recognize the ATGA sequence in what we termed as an "in-out" model, where the furan rings of the two molecules are opposite to each other. This unique stacking mode enables the furan ring of one of the molecules to recognize the guanine amino group. Mutation studies show that replacing the central GC base-pair with any other base completely altered the binding affinity, thereby suggesting the importance of that base-pair for compound recognition. Further analyses of the complex have shown that the two DB1878 molecules stack with optimal cation-pi type interactions and with favorable van der Waals interactions along the minor groove. The structure reported here is completely different from known DNA recognition, and represents an entirely new DNA minor groove recognition paradigm. Supported by NIAID Grant AI64200.
1286-Pos Board B196
Effect of a Thymine Cyclobutane Dimer Lesion on the Stability of a DNA Oligonucleotide Duplex Belinda B. Wenke, Elisa B. Frankel, Katarzyna M. Kolodziejczak, Megan E. Núñez. Ultraviolet irradiation from sun exposure can lead to permanent, covalent damage to DNA. In particular, adjacent pyrimidines can become fused via a [2þ2] cycloaddition to form a cyclobutane pyrimidine dimer. The cis-syn thymine cyclobutane dimer lesion, hereafter called the thymine dimer, has traditionally been considered to be one of the more 'bulky and destabilizing' lesions. Published structures of the thymine dimer lesion reveal that the backbone around the lesion is pinched, the DNA is kinked, and the canonical Watson Crick base pairing with the opposite adenines is disrupted through the loss of one hydrogen bond, weakening the interactions with the complementary strand. Nonetheless, other recent studies hint that the effect of the thymine dimer lesion on the double-stranded duplex may be surprisingly subtle. Using a variety of methods including UV melting, calorimetry, small reactive chemical probes, and NMR spectroscopy, we study the stability of the thymine dimer lesion in DNA oligonucleotides of varying length and sequence context. We consider the contributions of the lesion to kinetic and thermodynamic destabilization, and well as to both local and long-range effects on duplex stability.
1287-Pos Board B197
Investigation of Trinucleotide Repeat Structure in Nucleosome Core Particles Catherine B. Volle, Sarah Delaney. Genomic instability at trinucleotide repeat regions can lead to several well known neurological diseases. In particular, Huntington's disease (HD) is caused by an expansion of CAG/CTG repeats in exon 1 of the huntingtin gene. It is well known that oligonucleotides composed of CAG or CTG repeats adopt hairpin structures and that CAG or CTG repeats contained in plasmids also form hairpins. It has been proposed that this type of non-canonical DNA structure formation is involved in the expansion of the HD gene. Additionally, the repair of the 8-oxo-7,8-dihydroguanine lesion seems to play a role in secondary structure formation and expansion at this locus. However, genomic DNA is packaged into chromatin and the effect of this packaging on the structure of CAG/CTG repeats, or on their potential to form non-canonical structures, remains unknown. In this work we will examine the structure of CAG/ CTG repeats and the effect oxidative damage has on the repeat structure in nucleosome core particles, the most basic unit of chromatin packing.
1288-Pos Board B198
Simulations of Viral DNA Packaging and Ejection: Geometrical Order and Topological Disorder Davide Marenduzzo, Enzo Orlandini, Andrzej Stasiak, De Witt Sumners, Luca Tubiana, Cristian Micheletti. The packing of DNA inside bacteriophages arguably yields the simplest example of genome organisation in living organisms. Cryo-em studies showed that DNA in bacteriophages epsilon-15 and phi-29 is neatly ordered in concentric shells close to the capsid wall, while an increasing level of disorder was measured when moving away from the capsid internal surface. On the other hand the detected spectrum of knots formed by DNA that is circularised inside the P4 viral capsid showed that DNA tends to be knotted with high probability, with a knot spectrum characterized by complex knots and biased towards torus knots and against achiral ones. Existing coarsegrain DNA models, while being capable of reproducing the salient physical aspects of free, unconstrained DNA, are not able to reproduce the experimentally observed features of packaged viral DNA. Here we show, using stochastic simulation techniques, that both the shell ordering and the knot spectrum can be reproduced quantitatively if one accounts for the preference of contacting DNA strands to juxtapose at a small twist angle, as in cholesteric liquid crystals. The DNA knots we observe are strongly delocalized and, intriguingly, this is shown not to interfere with genome ejection out of the phage.
1289-Pos Board B199
Prohead RNA Sequence Variation Susan J. Schroeder. Department of Chemistry and Biochemistry and Botany and Microbiology University of Oklahoma. Prohead RNA (pRNA) is an essential component of the self-assembling phi29 bacteriophage DNA packaging motor. Although different species of bacteriophage share only 12 % similarity in pRNA sequences, the secondary structure for prohead RNA is conserved. The NMR structure of the most conserved loop sequence, the E loop hairpin, reveals a UU pair, a U-turn, and a syn guanosine. Comparison of the pRNA E loop hairpin to ribosomal RNA hairpins and predictions from MC-SYM provides benchmarks for improving RNA structure prediction. All the different pRNA sequences self-assemble in dimers, trimers, and higher order multimers. The energetics for dimer and trimer formation in different pRNA sequences are similar despite very different sequences in the loop-loop interactions. The architecture surrounding the interlocking loops contributes to the stability of the pRNA quaternary interactions, and sequence variation outside the interlocking loops may counterbalance the changes in the loop sequences. Thus, the evolutionary divergence of pRNA sequences maintains not only function and secondary structure, but also the stabilities of quaternary interactions. The self-assembly of the different pRNA sequences can be fine-tuned with variations in salt, temperature, and concentration. The ability to control pRNA self-assembly holds promise for the development of nanoparticle therapeutic applications and further biophysical studies of the structure and function of pRNA in the packaging motor.
1290-Pos Board B200
Is the Hepatitis C Virus Life Cycle Progression Mediated by Swapping Kissing RNA Partners? Sumangala S. Shetty, Dr. Mihaela-Rita Mihailescu. Hepatitis C Virus (HCV) infection is a major health problem, with an estimate of 200 million people infected worldwide. With no protective vaccine or therapy available, the need to find a conserved and functionally essential therapeutic target within the HCV genome is imperative. Genomic HCV RNA contains several highly conserved stem loop structures, serving as cis-acting regulatory elements (CREs). We recently showed that a 100% conserved and functionally vital, 55 nucleotide sequence (X55) within the 3'-untranslated region of the HCV genome is involved in genomic homodimerization via kissing interactions. Interestingly the same X55 region has also been shown to be involved in essential interactions for the HCV replication, with a conserved stem loop (5BSL3.2) sequence located within the coding region of the HCV genome.
Meanwhile, the single internal loop of 5BSL3.2 has been predicted to interact via kissing mechanism with a stem loop structure 200 nts upstream in the coding region and also with another stem loop (IIId domain) located in the 5'UTR of the HCV genome. In this study, we employ native gel electrophoresis and fluorescence spectroscopy to analyze simultaneously these multiple proposed kissing interactions. Our results provide direct experimental evidence for the kissing interactions among the CREs, suggesting a possible mechanism for their ability to function as molecular switches for essential steps in the HCV life cycle.
1291-Pos Board B201
Characterization of Supercoiled Double-Stranded RNA, and Comparison to Double-Stranded DNA Gary M. Skinner, Serge P. Donkers, Jan Lipfert, Zhuangxiong Huang, Nynke H. Dekker. While the mechanical properties of double-stranded DNA have been intensely studied using various single molecule assays, much less is known about doublestranded RNA (dsRNA). dsRNA is important in Biology as it forms the hereditary material for a number of viruses, and is also central to the RNA mediated gene-silencing pathway. We have developed a novel "polymerase-stall" labelling method for RNA that allows us to generate rotationally constrained molecules of dsRNA, an A-form helix. By anchoring these molecules to a cover-slip at one end, and a magnetic bead at the other end, we are able to supercoil these molecules using a magnetic tweezers. We have mapped the elastic response across a range of forces and superhelical densities. In parallel we have performed identical measurements using rotationally constrained dsDNA, a Bform helix, of similar physical contour length. Our results show that for the most part, these two double-stranded nucleic acids respond to twist in similar ways. For instance, we observe the denaturing of dsRNA when negative twist is added, at forces comparable to that of dsDNA. We have also quantified the slopes of the positive plectonemic regime, and these values are similar to dsDNA. However, we have discovered a striking difference between these two types of molecules at the buckling point, when positive twist is added. The kinetics of dsRNA buckling are much slower than for dsDNA, by several orders of magnitude. This observation implies that the activation energy for buckling dsRNA is much larger than for dsDNA, and we are currently seeking to understand the underlying physical reason for this.
1292-Pos Board B202
Structural Landmarks of the Hepatitis Delta Virus (HDV) Ribozyme Kamali Sripathi, Pavel Baná s, Jiří Sponer, Michal Otyepka, Nils Walter. The hepatitis delta virus (HDV) is the only known human pathogen to contain a catalytic RNA motif (ribozyme) in its genome. The native structure of the HDV ribozyme consists of five helices (P1 -P4 and P1.1), which come together to form a double-nested pseudoknot. Within this complicated ribozyme are several landmarks of structural importance, and alterations of these landmarks often lead to decreased ribozymal activity. We have used extended explicit solvent molecular dynamics simulations to investigate structural dynamics of HDV ribozyme. We plan on including effects of base protonation and base substitutions, using the available X-ray structures and their modifications as the starting structures. Specific attention has been paid to nucleotides in the catalytic pocket and the flexible L3 region. We have in detail investigated the effect of the force field choice on the ribozyme structural dynamics, by comparing several simulation force field variants, including our recent reparametrization of the chi profile of the Cornell et al (AMBER) force field.
1293-Pos Board B203
Tertiary Interactions Maintain the Balance of Stability, Folding Efficiency and Speed in a Large Catalytic Bacterial RNA Reza Behrouzi, Joon Ho Roh, Duncan Kilburn, Robert M. Briber, Sarah A. Woodson. Like their protein counterparts, many non-coding RNAs, such as ribozymes, must fold into a unique 3D structure suited for their biological actions. These RNA structures are stabilized by an array of conserved tertiary interactions between residues far apart in sequence. However, the extent of thermodynamic coupling between tertiary interactions in RNA is little understood. To probe the basis for cooperative folding in RNA, we perturbed the folding energetics of a bacterial group I ribozyme with mutations that disrupt five conserved tertiary interaction sites. The assembly of core helices into compact native-like intermediates was measured by SAXS and native PAGE. Formation of the native state was probed with activity assays and hydroxyl radical footprinting of the RNA backbone. Although all of the mutants were catalytically active, their folding landscapes were significantly changed. Single mutations destabilized the compact intermediates and disrupted the thermodynamic link between tertiary interactions measured through double mutant cycles. Native PAGE and footprinting showed that loss of a single tertiary interaction affected the stability of other structural domains due to competition with non-native structures. Stopped-flow SAXS and hydroxyl radical footprinting with millisecond resolution showed that disruption of tertiary interactions does not hamper the rapid initial collapse of the RNA chain, but changes the folding hierarchy of the structural domains and the structures of populated intermediates. These results shed light on the interplay of the conserved tertiary interactions and electrostatic forces in the folding of large RNA molecules and delineate the mechanisms by which evolved RNA sequences determine the outcome of an otherwise nonspecific counterion-mediated collapse.
1294-Pos Board B204
Exploring the Folding Landscape of RNA in Crowded Solutions Duncan Kilburn, Joon Ho Roh, Liang Guo, Robert M. Briber, Sarah A. Woodson. Crowder molecules in solution alter the configuration potential energy landscape of biological macromolecules. It is therefore critical to account for the influence of these other molecules when describing the folding of RNA inside the cell. Small angle x-ray scattering experiments were used to measure folding of a 64 kDa bacterial group I ribozyme in the presence of polyethylene-glycol with different molecular weights. We find that crowder molecules stabilize more compact states of the unfolded RNA, and also stabilize the folded state with respect to the unfolded state, as measured via the lowering of the folding midpoint on a MgCl2 titration. In addition, stopped-flow SAXS experiments with millisecond resolution show that the addition of crowder molecules speeds up the folding of RNA, even when the stability of the final folded state is held constant. These data indicate that crowder molecules change the folding landscape for RNA, allowing it to fold efficiently in Mg2þ concentrations that are well within the physiological range.
1295-Pos Board B205
The Role of Electrostatic Relaxation on the Folding Kinetics of a Bacterial Ribozyme Joon Ho Roh, Robert M. Briber, Duncan Kilburn, Reza Behrouzi, Liang Guo, Sarah A. Woodson. The self-assembly of catalytic RNA ribozymes into compact, native structures is critical for their functions in the cell. The first step in forming RNA tertiary structure is the neutralization by cations of the negative charges of the phosphates. This electrostatic stabilization enables dynamical exploration of more compact conformations, and the search for long-range tertiary interactions. Our previous time-resolved Small Angle X-ray Scattering (SAXS) studies showed that the Azoarcus ribozyme exhibits triphasic folding kinetics: up to 90% folds in less than 10 ms, which we attribute to specific collapse. A second phase in~40 ms is attributed to non-specific collapse followed by a conformational search for native structures. About 10% of the RNA folds in~10 min, due to refolding of misfolded RNAs. To examine how electrostatic interactions contribute to specific nucleation of the collapse transition, we used stoppedflow SAXS to monitor structural changes of the Azoarcus ribozyme over timescales ranging from 0.6 ms to~10 3 seconds. ) and monovalent cations (Na þ and K þ ). The time-dependent decrease in R g and disorder parameters show that partitioning of the RNAs into the specific collapse pathway is greatest in Na þ , while non-specific paths are most populated in divalent cations. Interestingly, this change in the folding dynamics does not appear to originate from specific ion binding. Rather, the population of fast-folding RNA is directly proportional to the total number of cationic charges in excess of the number of cations required to half-stabilize the compact intermediate states. This result suggests that electrostatic relaxation plays a central role in the folding speed and specificity of the Azoarcus ribozyme.
1296-Pos Board B206
Structure of Deletion Mutant D5 RNA of a Group II Intron Ribozyme Nadukkudy Eldho. Nadukkudy V. Eldho and T. Kwaku Dayie Department of Chemistry and Biochemistry, University of Maryland, CollegePark, MD 20742. Group II introns are a class of self-catalytic ribozymes as well as mobile genetic elements found within the genes of all three kingdoms of life. They catalyze their own excision from pre-mRNA. It is hypothesized that pre-mRNA splicing may have evolved from group II introns due to the similar catalytic mechanism as well the structural similarity of the domain V substructure to the U6/U2 extended snRNA of spliceosome. The secondary structure of group II introns is characterized by six typical stem-loop structures, also called D1 to D6. The domain V (D5) is a highly conserved Mg2þ binding platform and through extensive interactions with other intron domains, arranges the catalytic core for self-splicing. D5 is arranged into two helices separated by a bulge 236a
